Abstract-A successful analytical expression for maximum energy conversion in terms of DC-bus voltage and turn on/off angles of a Switched Reluctance Generator (SRG) based on self-excitation mode, single pulse operation is presented. The proposed analytical model, which can describe nonlinear of the magnetic characteristics of a SRG with sufficient accuracy, is the key used to derive the relation of maximum energy conversion with those control variables. Simulation and experimental results are provided to validate the analysis.
I. INTRODUCTION
UE to highly nonlinear characteristics of SRG, there is still no analytical equation for maximum energy conversion in term of control variables: DC-bus voltage and turn on/off angles. Earlier papers carried out this issue by mean of experimental characterization. The iterative measurement of the SRG on the range of such control variables has been used for finding energy conversion profile. This task is time consuming, and requires extensive experimental work. This paper presents explicit equations for maximum energy conversion in terms of DC-bus voltage and the turn on/off angles.
II. ANALYTICAL MODEL
In earlier contribution of an analytical model proposed by Stiebler [1] , it has been found that this model can describe magnetization characteristics of machines with sufficient accuracy. The analytical model of SRG is described by flux linkage ( ) ψ depending on phase current ( ) 
where u ,ω , on θ , off θ and ext θ are the DC-bus voltage, the shaft speed, turn on angle, turn off angle and extinct angle respectively. Substituting (2) into (1) and it can be rewritten as:
where the coefficients a, b and c are: during generation period need to be resolved. The peak current is the maximum allowable phase current due to wire size and switching devices rating.
126
Then the peak θ can be obtained as:
x is a ratio of the DC-bus voltage over shaft speed. The equation (6) implies that the peak current can exist either at turn off angle or after. There will be existence of the peak current after turn off angle in the generation period if the right hand side of (6) never exceeds 1. That means x never exceeds max
In this case max x is 1.41 based on peak current to 1 p.u. The calculation of converted energy versus x ratio at different peak currents is shown in Fig.3 . Based on (8), the peak current of 0.8, 1.0 and 1. [2] . This case, which contributes maximum energy conversion in SRG, agrees with Sawata [3] showing that the maximum energy conversion exists when the DC bus voltage is regulated with rotor speed such that current generated keeps at a constant value for a given maximum Apparently the maximum converted energy exists at turn on angle about -0.5 p.u.. This analytical result is also confirmed with experimental measurement [4] . 
VII. CONCLUSION
The analysis results have illustrated the optimum control variables resulting maximum energy conversion. The optimum DC-Bus voltage is obtained from (8). The peak current should reach its maximum value in order to utilize the maximum energy available. The optimum turn on angle is -0.5 p.u.. The turn off angle is then calculated following (9) and (10) to reach the certain peak current.
